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Abstract
In this contribution, we aim at presenting a gas-to-power benchmark problem that can
be used for the simulation of electricity and gas networks in a time-dependent environment.
Based on realistic data from the IEEE database and the GasLib suite, we describe the full
set up of the underlying equations and motivate the choice of parameters. The simulation
results demonstrate the applicability of the proposed approach and also allow for a clear
visualization of gas-power conversion.
1 Introduction
The current transformation of the energy system is driven by at least three trends: decar-
bonization and defossilization of energy supply, increasing concerns about climate change,
and political decisions, e.g. the phase-out of nuclear energy [1] and foreseen phase-out of
coal/lignite in Germany. Phase out of all fossile energies is in principle doable as averaged
over long time spans renewable sources (wind, solar, etc.) provide sufficient amounts of
energy to achieve decarbonization. Yet, renewable generation and demand are not syn-
chronized in time and space and thus energy storage and transport are both of crucial
importance. Currently, neither a readily and widely usable storage technology to buffer
the quantities of electrical energy required for decarbonization exists, nor is there scientific
consensus on which large-scale storage technologies will be available in near-to-mid future.
Hence, it comes at no surprise that the coupling of energy domains and sectors is gaining
increasing research attention. For example, the economic viability of future power-to-X
pathways (where X can be Hydrogen, Methane, or synthetic bio-fuels, for instance) has
been investigated in several studies, see e.g. [2–4]. These investigations are driven by the
fact that natural gas can be stored in sufficient quantities in dedicated installations and to a
certain extend directly in the gas grid itself. In other words, coupling of electricity and gas
networks is currently considered a very promising road towards a high share of renewables.
Historically, however, the critical energy system infrastructure for gas and power grids
has been separated in terms of operation and control. Hence, there do not exist established
standards for joint operation and control of multi-energy grids. In turn multi-energy systems
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arising from sector-coupling pose control and optimization challenges, many of which are
still open or are subject to ongoing research efforts, see [5–7], or more recently [8–11].
In the context of electricity grids, the Optimal Power Flow (OPF) problem is of vital
importance for safe, reliable, and economic operation, see [12–14] for tutorial introductions
and overviews. In its plain form, OPF means to solve a non-convex Nonlinear Program
(NLP) of finite dimension. This problem can scale up easily to several thousand nodes,
hence several thousand decision variables (4· number of nodes). Among the challenges arising
are distributed optimization [15–17], convex relaxations [18, 19], and the consideration of
stochastic disturbances [20, 21].
In principle, similar to electricity grids, gas grids are typically described by a coupled
system of conservation laws, see e.g. [22–26] for an overview. However, due to the compress-
ibility of gas, the arising models differ as one has to consider nonlinear and time-dependent
hyperbolic partial differential equations (PDEs) for the gas flow through pipelines supple-
mented with appropriate coupling conditions at intersections. Since these dynamics allow
for discontinuous solutions, a careful theoretical and numerical treatment is needed to mas-
ter the challenges of simulation, optimization, and control for complex networks. Hence,
in the context of gas grids, already the deterministic case is numerically challenging. In
the context of the so-called energy transition, there is a strong need to couple the different
energy supply systems, in particular power-to-gas, to compensate the differences between
supply and demand in the electricity system, see [5, 6, 27], or more recently [8–10]. The
resulting mathematical problem requires the design of an appropriate numerical solution
method since the transport of electricity happens on a shorter time scale compared to gas.
It is worth to be remarked that for electrical grids and the corresponding optimization
problems, there exists a large number of established benchmarks. This includes IEEE test
cases, CIGRE benchmarks [28] and, in case of the German system, the scigrid model [29].
Likewise for gas networks, the GasLib suite1 offers test cases for simulation and optimization
purposes, respectively.
However, when it comes to coupled gas-power systems, there do not exist widely accepted
benchmarks. One of the few exceptions appears to be the case study presented in [7],
which comprises the IEEE RTS96 One Area 24 node electrical grid and a 24 pipeline gas
network. Hence, the present chapter takes further steps towards a more realistic optimization
benchmark for multi-energy systems. Specifically, we couple a model of the Greek gas
network—the gaslib-134 model [30] which includes 86 pipelines—with the IEEE 300-bus
system under AC conditions. We formulate a combined simulation framework, wherein the
key actions are taken for the gas network and the electrical side translates into the solution
of the AC power flow equations. In particular, we observe a significant pressure drop for the
gas-plant nodes while the gas consumed varies over time.
2 Model and algorithm
We model the combined power-and-gas network over a time horizon t ∈ [0, T ] by a graph
whose nodes and edges represent certain components of the respective networks. A small
example of such a graph is given in Every component contributes variables, parameters
and/or model equations, see Section 2.1 for the gas model, and Section 2.4 for the power
model. We model the coupling between the power grid and the gas network via gas-power-
conversion (i.e. a gas power) plants, which are represented by certain edges of the graph.
Starting from a continuous-time formulation we then discretize the time interval [0, T ] to
time steps tk = k TN , hence formulating the model equations as an algebraic system of
nonlinear equations, which is solved with Newton’s method. The following two sections
describe the gas and power model, and Section 2.5 describes the coupling of both.
1http://gaslib.zib.de/
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Figure 1: A graph of a combined gas and power network. In the lower part is a small gas network,
the bold arrow represents a gas-power-conversion plant, the upper network consists of different
power components.
2.1 Model of the gas network
For the gas network we use the definitions of gaslib [30]. The following theory is also
presented in [10]. In our application, a gas edge is one of the following: a pipeline, a so-
called short pipe, a (controlled) valve, a compressor station, or a gas-power-conversion plant,
where both valves and compressors act as short pipes in our setting. The nodes represent
sources (where gas is injected into the network), sinks (where it is withdrawn) and inner
nodes (where no gas is injected or withdrawn).
2.1.1 Pipelines
The gas flow in pipelines is modeled by the isentropic Euler equations(
ρl
qm
)
t
+
(
qm
p(ρl) +
q2m
ρl
)
x
=
(
0
S(ρl, qm)
)
, (1)
where ρl is the line density (kg/m) of the gas, qm is its mass flow (kg/s) and p is the
pressure function. As is often done we employ the (possibly space-dependent) density and
the volumetric flow are instead
ρ =
ρl
A
, q =
qm
ρ0
, (2)
where A is the cross section of the pipe and ρ0 is the density at standard conditions. This
is relevant for the coupling of pipes with possibly different cross sections, see Section 2.3.
The subscript indices indicate the partial derivatives where t ∈ [0, T ] is time, and x ∈ [0, L]
is the position along the pipe of length L; S is a friction term given by
S(ρ, q) = − λ(q)
2dpipe
q|q|
ρ
. (3)
The friction factor λ(q) is defined by the Prandtl-Colebrook formula
1√
λ
= −2 log10
(
2.51
Re(q)
√
λ
+
k
3.71dpipe
)
(4)
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Table 1: Gas net constants for (8).
ρ0 [kg/m
3] p0 [bar] z0 T0 [K] T [K] α [1/bar]
0.785 1.01325 1.005 273.15 283.15 -0.00224
with Reynolds number
Re(q) =
dpipe
η
q , (5)
roughness of the pipes k = 8× 10−6 m and the dynamic viscosity η = 10−5 kg/(m s) and the
pipe diameter dpipe.
We use the isothermal pressure function with compressibility factor
p(ρ) =
c2vacρ
1− αc2vacρ . (6)
The pressure function can be inverted, yielding
p
c2vacz(p)
= ρ, (7)
where cvac is the limit of the speed of sound in the vacuum limit (that is, for ρ → 0) and
z(p) is the compressibility factor. These parameters are given by
cvac =
√
p0
z0
T
T0
1
ρ0
,
z(p) = 1 + αp.
(8)
The numerical values for parameters ρ0, p0, z0, T0, T, α are listed in Table 1. According to
Table 1 we have that α < 0. We define β = −α and obtain for the pressure function (6).
p(ρ) =
c2vacρ
1 + βc2vacρ
=
1
β
+
1
β2c2vac
 1
ρ+ 1
βc2vac
 . (9)
Let us check whether this pressure function is valid for the well-posedness of the isentropic
Euler equations. Note that, according to Proposition C in [10], validity of a pressure function
is unchanged by adding or multiplying a positive constant. Therefore (9) is valid if the
innermost bracket
(
ρ+ 1
βc2vac
)−1
is valid.
As PDEs, the model equations (1) for the pipelines are infinite-dimensional. To use them
in our algorithm we need to choose a discretization in both time and space. To this end we
employ the implicit box scheme [31], which is of the form
U∗j−1 + U
∗
j
2
=
Uj−1 + Uj
2
− ∆t
∆x
(
F (U∗j )− F (U∗j−1)
)
+ ∆t
G(U∗j ) +G(U
∗
j−1)
2
. (10)
where ∆t = T
N
is the time step-size, ∆x = L
M
the space step-size, and
Uj =
(
ρ(k∆t, j∆x)
q(k∆t, j∆x)
)
and U∗j =
(
ρ((k + 1)∆t, j∆x)
q(k∆t, j∆x)
)
, (11)
are the states at the last time step and the current time step, respectively. Variables with
superscript (·)∗ are the unknowns to be computed. In the box scheme (10), the flux term F ,
and the source term G are given by
F (U) =
(
q
p(ρ) + q
2
ρ
)
and G(U) =
(
0
S(ρ, q)
)
. (12)
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2.2 Other edges
All other edges—apart from the gas-power-conversion plants—act like a short pipe in our
setting. A short pipe has no physical properties and exactly two states, corresponding to the
beginning and the end of it respectively. Their model equations set these states to be equal.
That is, for a short pipe with incoming state (ρin, qin) and outgoing state (ρout, qout) there
holds ρin = ρout and qin = qout. Short pipes can be used to separate boundary conditions
from coupling conditions on the computational level by inserting the artificial short pipe in
between a node with multiple attached pipes and a source/sink node.
2.3 Nodes
The nodes of the gas network comprise the algebraic equations coupling the states of the
corresponding edges. In addition, the source nodes and the sink nodes entail the bound-
ary conditions describing inflow and outflow, respectively. We use two kinds of boundary
conditions, which share the same structure: On the one hand, we enforce equality of the
pressure at a node. On the other hand, we demand Bernoulli invariant coupling conditions
to be satisfied as introduced in [32]. These coupling conditions yield entropy reduction at
the nodes. Specifically, at a node with l ∈ N attached edges, the coupling conditions are of
the form
l∑
k=1
qk = 0
H(ρk, qk) = H(ρk−1, qk−1) for k = 2, . . . , l.
(13)
The pressure coupling condition reads
Hp(ρ, q) = p(ρ), (14)
while the Bernoulli coupling condition is
Hb(ρ, q) =
1
2
(
ρ0q
ρA
)2
+
∫ ρ
ρ0
p′(ρˆ)
ρˆ
dρˆ. (15)
Note that we use the space-dependent density, not the line density.2 Because ρ 7→ p(ρ) is
one-to-one (15) can be written as
Hb(p, q) =
1
2
(
ρ0q
ρ(p)A
)2
+
∫ p
p0
1
ρ(pˆ)
dpˆ . (16)
Note that v = ρ0q
ρA
is simply the flow velocity of the gas. If we were to omit the first part
of Hb, this would be equivalent to the usual condition of pressure equality. The integral in
(16) can be solved when ρ(p) is inserted from (7). This yields
Hb(p, q) =
1
2
(
ρ0q
ρ(p)A
)2
+ c2vac
[
ln
(
p
p0
)
+ α(p− p0)
]
. (17)
We remark that in our simulation results below, the velocity part of Hb is almost irrelevant
and the coupling constant behaves almost like Hp. This seems plausible in case the velocity
is much smaller than the speed of sound, which is true for realistic pipeline settings.
Remark 1 (Implementing Bernoulli coupling conditions) Although Hb represents the
better physical model, it brings about implementation issues: At a node where in addition
to pipelines a short pipe or any other connection type (like a compressor or a valve) is at-
tached, the term Hb cannot be easily evaluated, as this requires to know the pipe cross section;
2The line density is usually discontinuous over a node, whereas the three-dimensional space-dependent density
is not in case of Hp.
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Figure 2: Components at bus i ∈ N , and its connection to the remaining grid [36].
a quantity often not available for these components. A workaround is to set the pressure for
short pipes arbitrarily, and only set the Bernoulli invariants for all edges that have a known
cross section area.
2.4 Model of the power grid
We study a connected electrical grid under steady state conditions in terms of its single-phase
equivalent; as is commonly done, we model electrical lines by algebraic relations derived from
the so-called Π-line equivalent [12, 14, 33–35]. These standard assumptions simplify the
mathematical model of the electrical grid tremendously: instead of partial differential equa-
tions for three-phase systems it suffices to study a system of nonlinear algebraic equations,
the so-called power flow equations [12, 33].
We represent the electrical grid by the triple (N ,L, Y ): N = {1, . . . , nbus} is the non-
empty set of buses, L = {1, . . . , nline} is the non-empty set of lines, and Y = G + iB ∈
Cnbus×nbus is the so-called bus-admittance matrix that contains both topological and physi-
cal information—such as shunts and line impedances—about the grid [33].3 Each bus i ∈ N
is characterized by its voltage phasor Vi exp(iϕi), and its net apparent power Pi+iQi, with i
being the imaginary unit. We call Vi voltage magnitude, ϕi voltage angle, Pi active power,
and Qi reactive power at bus i, respectively. The power flow equations—here given in polar
form—relate the bus voltages to the powers according to
Pi =
∑
j∈N
ViVj
(
Gij cos(ϕi − ϕj) +Bij sin(ϕi − ϕj)
)
, (18a)
Qi =
∑
j∈N
ViVj
(
Gij sin(ϕi − ϕj)−Bij cos(ϕi − ϕj)
)
, (18b)
for all buses i ∈ N . The PF equations (18) constitute 2nbus nonlinear and non-convex
equations in 4nbus variables. The remaining 2nbus degrees of freedoms are fixed by intro-
ducing so-called bus specifications, which are listed in Table 2. A PQ represents a load, a
PV represents a generator, and the slack bus is a specific generation node that provides an
angle reference. The angle reference is needed to overcome the rotational degeneracy of the
PF equations (18).
A power flow study is to solve the nonlinear system of 4nbus equations built from the 2nbus
PF equations (18) together with the 2nbus bus specifications from Table 2. We concisely
write
g(x) = 0, (19)
3In graph-theoretic terms, N contains the nodes, L contains the edges, and Y corresponds to the weighted
Graph Laplacian in the absence of phase-shifting transformers. For the construction of the bus admittance
matrix Y there exist explicit formulas, see e.g. [12, 33]. Alternatively, power systems software packages such
as Matpower [37] provide the functionality to generate the bus admittance matrix Y from a given case file (via
makeYbus(casefile)).
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Table 2: Common bus specifications for bus i ∈ N [12, 33, 34].
Bus name Fixed quantities
PQ Active power Pi & reactive power Qi
PV Active power Pi & voltage magnitude Vi
Slack Voltage angle ϕi & voltage magnitude Vi
where x contains the voltage magnitude, the voltage angle, the active power, and the reactive
power of every bus i ∈ N . These are the model equations provided by the power network.
Arguably, there exists a plethora of methods to solve the system (19), the Newton method,
which is also used by us, being perhaps the most prevalent one [12, 33, 34].
2.5 Gas-Power-Conversion
Having covered the modeling of both the gas and the electrical side, how are they connected?
Each gas-power-conversion plant is modeled as an edge between the gas network nodes and
the power grid nodes listed in Table 4. These operate in two modes, namely Gas-to-Power
(GtP), that is as a gas power plant and Power-to-Gas (PtG), where surplus electric power
is converted to natural gas, e.g. by electrolysis and methanisation. The simplified model
equations have the same form in both cases, namely
q = Emode(sign(P ))P, (20)
where P is the power demand (positive) or supply (negative) of the connected power node,
q is the outflow of the sink, and Emode a conversion factor of PtG and GtP conversion,
respectively. This piece-wise linear model serves as an approximation of the heat rate of a
power plant, respectively the efficiency of a PtG-plant. To overcome the non-differentiability
of (20) at P = 0, we employ an interpolating function S
S(x, a, b, ) = x
(
1
2
(a+ b)− 3
4
(b− a)x

+
(b− a)
4
(
x

)3)
, (21)
with properties
• S is a polynomial of degree 4 in x,
• S(0, a, b, ) = 0,
• S(, a, b, ) = a · ,
• S(−, a, b, ) = b · (−),
• ∂S
∂x
(, a, b, ) = a,
• ∂S
∂x
(−, a, b, ) = b.
Hence, we replace the conversion (20) by
q =

EPtG · P for P < −
S(P,EGtP, EPtG, ) for −  < P < 
EGtP · P for  < P
, (22)
which makes P 7→ q(P ) ∈ C1(R) and q(0) = 0, so that no gas is taken from or injected into
the gas network if electrical power is neither drawn nor supplied.
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3 Network data
3.1 Gas network
We use the gaslib-134 model [30] with inactive compressor and inactive valve. This is a
network with 90 sink nodes, 3 source nodes and 86 inner nodes. As connections, there are
86 pipes, 45 short pipes, one compressor and one valve. The pipes have a total length of
approximately 1500km. As valve and compressor are inactive, they just let gas flow through
them. We let them act like short pipes with the following exception. Although gaslib-134
doesn’t provide one we attach a cross section to these components so they can partake in
the Bernoulli coupling (15). The compressor begins at the end of a single pipe and the valve
ends at a single pipe. Therefore we endow them with the cross section of their respective
attached pipes. We do so in order to have the coupling reach through the entire network.
Otherwise, there would be three distinct parts, one before the compressor, one after the
valve and one in between, that are not coupled through the Bernoulli coupling. The inflow
of gas into the three source nodes and outflow at (non-gas plant) sink nodes of the network
is chosen constant. A list of both can be found in
3.2 Power network
For the power model we adapt the IEEE 300-bus test case that is part of the Matpower
software [37]. Originally, this system has a total of nbus = 300 buses (1 slack bus, 68 PV
buses, 231 PQ buses), and nline = 411 lines. We modify the grid such that the original
slack bus is now a PV bus, and the nodes listed in Table 4 are all slack buses. These are
linked to sinks of the gas network. At these buses, gas and electricity can be converted into
each other here. The IDs of the connected sinks in the gas network are given in the table.
Therefore we have a total of 10 slack buses, 59 PV buses and 231 PQ buses. The nominal
total active power generation of the grid is about 24, 000 MW. For the slack buses and the
PV buses, we use the bus specifications from the original case file. For PQ buses we use
time-dependent bus specifications given by
P (t) = P300
(
0.9 + 0.4 sin
(
2pit
24h
))
,
Q(t) = Q300
(
0.9 + 0.4 sin
(
2pit
24h
))
,
(23)
where P300 and Q300 are the active and reactive power demand from the original case file.
3.2.1 Parameters of Gas-Power conversion
We need to specify values for the conversion factors EGtP and EPtG in (20).For the operation
as a gas power plant we choose an efficiency of ηGtP = 0.4 with respect to the lower heating
value of the gas. This is a realistic value, given that there are gas power plants with
efficiencies of up to 60 % [38]. The lower heating value L of natural gas is usually in the
range of 36MJ/kg ≤ L ≤ 50MJ/kg, depending on the gas composition [39]. We choose
L = 40MJ/kg. The parameter EGtP is then obtained from
EGtP =
1
ρ0LηGtP
≈ 0.0796 m
3
MJ
. (24)
For PtG conversion we choose an efficiency of ηPtG = 0.8, this time with respect to the
upper heating value according to [40]. The upper heating value U of natural gas is given by
U = 1.11L. Therefore we obtain
EPtG =
ηPtG
ρ0U
≈ 0.0229 m
3
MJ
. (25)
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Table 3: Volumetric inflow and outflow at source and sink nodes of the gas network.
(a) Volumetric inflow for gas network.
Node ID Inflow [m3/s]
node_1 58.993631
node_20 190.815287
node_80 61.866242
(b) Volumetric outflow at sinks other than conver-
sion plants.
Gas network ID Outflow [m3/s]
node_ld1 0.000000
node_ld3 0.000000
node_ld4 0.121019
node_ld5 0.000000
node_ld7 1.490446
node_ld8 2.089172
node_ld9 0.000000
node_ld11 5.490446
node_ld14 0.452229
node_ld15 0.280255
node_ld16 0.076433
node_ld17 4.617834
node_ld18 4.617834
node_ld19 0.802548
node_ld20 0.445860
node_ld21 0.286624
node_ld22 7.592357
node_ld23 0.082803
node_ld25 0.802548
node_ld26 0.000000
node_ld27 0.012739
node_ld28 0.000000
node_ld30 1.426752
node_ld32 0.000000
node_ld33 1.101911
node_ld34 0.000000
node_ld35 0.000000
node_ld37 7.732484
node_ld38 0.000000
node_ld39 0.000000
node_ld40 7.732484
node_ld41 1.528662
node_ld43 0.000000
node_ld44 0.000000
node_ld45 0.000000
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Table 4: Connection of gas nodes and power nodes for conversion.
Power grid ID Gas network ID
213 node_ld31
221 node_ld24
230 node_ld13
7001 node_ld36
7017 node_ld2
7024 node_ld12
7039 node_ld42
7057 node_ld6
7061 node_ld29
7071 node_ld10
4 Numerical results
Using the network data from Section 3 we simulate the combined network over a time horizon
of 24 hours. Each simulation run took about 20 seconds on an Intel(R) Core(TM) i7-7700
CPU @ 3.60GHz with 32 Gigabytes of RAM.
4.1 Comparison of coupling conditions
During implementation of the Bernoulli coupling constraint it became clear that the choice
of coupling condition Hb over Hp introduced almost no difference.To quantify the differ-
ence we simulate once (simulation “p”) with the pressure coupling constant Hp, and once
(simulation “b”) with the Bernoulli coupling constant Hb. We compare the values of the
pressures and the volumetric flows on the whole gas network at every timestep. Let pp(t, x)
be the pressure obtained from simulation “p” at time t and at some position in the net-
work (x ranges over all pipes and all pipe lengths).Further, let pb(t, x) be the analogue for
simulation “b” and let qp(t, x) and qb(t, x) the corresponding values for the volumetric flow.
Table 5 shows our findings with regard to the different coupling constants. For the relative
differences in the flow we used different cut-off values, because although the relative error
grows when approaching q = 0, the absolute values are very small and hence probably of
little significance.In contrast to [32] we find little difference for the two coupling conditions.
The key difference is the absence of a friction term in [32], which allows errors to accumulate.
In our case artificial energy produced at the nodes is consumed by friction and cannot cause
much error. In light of the small size of the error introduced by using the physically un-
sound pressure coupling constant practitioners should trade-off carefully the need for more
accuracy against the practical hurdles mentioned in 1.
4.2 Gas-power-conversion
We now present the results of Gas-to-Power conversion and Power-to-Gas conversion. Over a
day all of the plants go through a cycle of high power demand during which gas is consumed
to power a generator. During the second half of the day much less power is needed and
so the Gas-to-Power mode is used to convert power back to gas. All the data of pressure
and flow in the conversion plants is found in Table 6 and Table 7 on pages 17 and 18. The
total volume of gas consumed by the power plants is obtained by integrating the outflow
over time: using the trapezoidal rule, in our case it is 2.3098× 107 m3, the total volume of
gas generated is 2.0522× 106 m3. Figure 3 shows the pressure evolution at the conversion
nodes. It shows that the gas network cannot provide the peak power demand indefinitely
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Table 5: Absolute and relative differences for the two coupling constants.
(a) Absolute and relative difference of pressure.
max
∣∣pp − pb∣∣ max |pp−pb|pp
0.1828 bar 0.0041
(b) Absolute and relative difference of flow for different cut-off values.
range [m3/s] max
∣∣qp − qb∣∣ max |qp−qb||qp|
10−3 <
∣∣qp∣∣ < 10−2 0.0004m3/s 0.3270
10−2 <
∣∣qp∣∣ < 10−1 0.0180m3/s 0.32670
10−1 <
∣∣qp∣∣ < 100 0.0225m3/s 0.1105
100 <
∣∣qp∣∣ < 101 0.0227m3/s 0.0207
101 <
∣∣qp∣∣ 0.0570m3/s 0.0029
as the pressure drops considerably during power generation (in the first 12 hours). But it
is suitable to counter balance high and low power demand over the course of a day as it
recuperates during low power demand when gas is injected into the pipeline network by
power-to-gas operation.
Figure 4 shows the amount of gas consumed (q > 0) by power generation and generated
(q < 0) by power-to-gas operation. Note the kink at q = 0 which is due to the difference in
efficiencies of the two processes.
5 Conclusion
We have presented a model for a combined gas and power network and simulated the op-
eration of it over a time horizon of 24 hours. We evaluated the impact of two different
coupling conditions, namely pressure coupling and Bernoulli coupling, and found them to
be negligible for practical purposes of pipeline simulation. In addition our simulation results
showed the given gas network to be able to provide enough power to counter balance power
demand peaks and our tools provide visualization and quantification of gas consumed and
produced. Our data can be used to benchmark similar tools. The data can be found under
https://bitbucket.org/efokken/gas-power-benchmark/src/master/.
Future work includes the solution of corresponding optimal control problems and the
inclusion of stochastic effects.
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Table 6: Pressure values at the gas-power conversion plants (time in hours, pressure in bar).
t N7071 N7024 N230 N221 N7061 N7017 N213 N7001 N7039 N7057
0.5 71.05 68.77 69.15 53.77 51.88 74.85 51.15 51.06 50.18 73.85
1.0 70.72 67.58 68.34 53.21 51.72 74.67 51.13 50.83 49.93 73.57
1.5 70.24 66.09 67.32 52.11 51.25 74.33 50.85 50.29 49.41 73.17
2.0 69.63 64.22 66.07 50.44 50.48 73.82 50.29 49.41 48.58 72.63
2.5 68.91 62.20 64.71 48.41 49.47 73.18 49.47 48.27 47.50 71.96
3.0 68.06 59.80 63.14 45.84 48.21 72.40 48.40 46.83 46.15 71.16
3.5 67.13 57.44 61.57 43.09 46.77 71.53 47.14 45.21 44.61 70.27
4.0 66.09 54.74 59.81 39.86 45.12 70.55 45.69 43.35 42.85 69.27
4.5 65.01 52.36 58.18 36.72 43.38 69.51 44.12 41.43 40.99 68.22
5.0 63.86 49.73 56.42 33.22 41.51 68.40 42.44 39.34 38.99 67.10
5.5 62.71 47.80 54.96 30.18 39.66 67.29 40.71 37.33 36.98 65.98
6.0 61.54 45.78 53.45 27.02 37.76 66.16 38.94 35.26 34.93 64.84
6.5 60.43 44.76 52.35 24.79 35.98 65.08 37.21 33.41 32.99 63.76
7.0 59.36 43.79 51.29 22.81 34.26 64.02 35.51 31.61 31.11 62.71
7.5 58.38 43.86 50.69 22.15 32.74 63.06 33.93 30.13 29.45 61.75
8.0 57.48 43.97 50.16 21.96 31.37 62.17 32.47 28.81 27.94 60.87
8.5 56.72 44.86 50.06 22.95 30.27 61.40 31.18 27.87 26.73 60.12
9.0 56.07 45.73 50.04 24.20 29.39 60.74 30.07 27.15 25.76 59.47
9.5 55.58 47.06 50.35 26.02 28.82 60.23 29.20 26.80 25.13 58.96
10.0 55.23 48.29 50.73 27.77 28.50 59.84 28.56 26.67 24.80 58.58
10.5 55.04 49.69 51.33 29.59 28.49 59.61 28.19 26.84 24.82 58.35
11.0 55.00 50.98 51.98 31.17 28.73 59.52 28.06 27.21 25.14 58.25
11.5 55.12 52.26 52.75 32.55 29.26 59.58 28.17 27.80 25.76 58.31
12.0 55.39 53.43 53.57 33.63 30.03 59.78 28.54 28.56 26.66 58.50
12.5 55.81 54.52 54.44 34.36 30.96 60.13 29.22 29.51 27.81 58.84
13.0 56.37 55.52 55.35 35.18 32.02 60.61 30.14 30.55 29.15 59.31
13.5 57.04 56.42 56.26 36.12 33.16 61.20 31.24 31.71 30.60 59.89
14.0 57.76 57.21 57.15 37.19 34.38 61.83 32.48 33.00 32.15 60.56
14.5 58.52 58.00 57.98 38.33 35.64 62.49 33.82 34.39 33.72 61.27
15.0 59.30 58.81 58.78 39.56 36.96 63.20 35.23 35.83 35.29 62.01
15.5 60.09 59.63 59.57 40.83 38.32 63.93 36.67 37.29 36.81 62.75
16.0 60.89 60.46 60.38 42.15 39.71 64.68 38.13 38.77 38.32 63.51
16.5 61.69 61.29 61.20 43.47 41.11 65.44 39.60 40.25 39.82 64.29
17.0 62.51 62.13 62.03 44.81 42.53 66.22 41.09 41.73 41.33 65.07
17.5 63.33 62.96 62.86 46.12 43.94 67.00 42.57 43.19 42.81 65.86
18.0 64.15 63.80 63.69 47.44 45.34 67.78 44.04 44.65 44.29 66.65
18.5 64.97 64.62 64.52 48.70 46.72 68.55 45.49 46.07 45.73 67.44
19.0 65.79 65.43 65.34 49.96 48.09 69.33 46.92 47.48 47.15 68.23
19.5 66.59 66.22 66.14 51.15 49.41 70.08 48.32 48.83 48.52 69.00
20.0 67.39 67.00 66.94 52.31 50.70 70.83 49.67 50.15 49.85 69.76
20.5 68.16 67.75 67.70 53.41 51.93 71.56 50.97 51.41 51.12 70.51
21.0 68.91 68.49 68.46 54.48 53.12 72.26 52.22 52.62 52.34 71.24
21.5 69.61 69.16 69.15 55.46 54.22 72.94 53.37 53.73 53.43 71.92
22.0 70.25 69.78 69.73 56.38 55.22 73.57 54.41 54.73 54.38 72.54
22.5 70.79 70.28 70.15 57.19 56.07 74.15 55.30 55.59 55.16 73.09
23.0 71.19 70.51 70.37 57.87 56.75 74.60 56.05 56.29 55.77 73.52
23.5 71.44 70.42 70.36 58.41 57.23 74.89 56.62 56.80 56.18 73.82
24.0 71.55 70.03 70.14 58.79 57.50 75.04 56.96 57.02 56.33 73.98
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Table 7: Flow values at the gas-power conversion plants (time in hours, in m3/s). Positive flow
means gas is converted to power, negative flow means gas is generated with power.
t N7071 N7024 N230 N221 N7061 N7017 N213 N7001 N7039 N7057
0.5 8.32 28.86 24.80 12.50 28.10 25.10 19.43 29.81 44.63 13.46
1.0 10.95 35.72 28.95 25.90 34.59 32.19 22.82 42.70 52.16 15.87
1.5 13.44 42.21 32.84 38.58 40.72 39.02 26.03 54.83 59.24 18.18
2.0 15.98 48.82 36.77 51.45 46.94 46.09 29.28 67.08 66.39 20.54
2.5 18.21 54.61 40.18 62.67 52.37 52.36 32.12 77.70 72.59 22.63
3.0 20.49 60.52 43.63 74.06 57.90 58.86 35.00 88.42 78.85 24.78
3.5 22.27 65.17 46.30 82.93 62.22 64.01 37.25 96.73 83.71 26.49
4.0 24.10 69.92 49.01 91.94 66.63 69.34 39.53 105.10 88.63 28.25
4.5 25.28 72.98 50.74 97.68 69.47 72.80 40.99 110.42 91.76 29.40
5.0 26.47 76.10 52.48 103.48 72.36 76.35 42.47 115.78 94.93 30.58
5.5 26.89 77.19 53.08 105.48 73.37 77.59 42.98 117.62 96.02 30.99
6.0 27.31 78.28 53.69 107.49 74.38 78.84 43.50 119.46 97.12 31.41
6.5 26.89 77.19 53.08 105.48 73.37 77.59 42.98 117.62 96.02 30.99
7.0 26.47 76.10 52.48 103.48 72.36 76.35 42.47 115.78 94.93 30.58
7.5 25.28 72.98 50.74 97.68 69.47 72.80 40.99 110.42 91.76 29.40
8.0 24.10 69.92 49.01 91.94 66.63 69.34 39.53 105.10 88.63 28.25
8.5 22.27 65.17 46.30 82.93 62.22 64.01 37.25 96.73 83.71 26.49
9.0 20.49 60.52 43.63 74.06 57.90 58.86 35.00 88.42 78.85 24.78
9.5 18.21 54.61 40.18 62.67 52.37 52.36 32.12 77.70 72.59 22.63
10.0 15.98 48.82 36.77 51.45 46.94 46.09 29.28 67.08 66.39 20.54
10.5 13.44 42.21 32.84 38.58 40.72 39.02 26.03 54.83 59.24 18.18
11.0 10.95 35.72 28.95 25.90 34.59 32.19 22.82 42.70 52.16 15.87
11.5 8.32 28.86 24.80 12.50 28.10 25.10 19.43 29.81 44.63 13.46
12.0 5.75 22.11 20.68 −0.20 21.71 18.22 16.06 17.05 37.18 11.11
12.5 3.21 15.44 16.59 −3.96 15.41 11.57 12.74 4.42 29.80 8.81
13.0 0.72 8.85 12.51 −7.66 9.19 5.11 9.44 −2.32 22.50 6.56
13.5 −0.45 2.76 8.73 −11.05 3.49 −0.21 6.39 −5.64 15.76 4.50
14.0 −1.10 −0.94 4.97 −14.40 −0.61 −1.84 3.37 −8.92 9.08 2.49
14.5 −1.65 −2.43 1.74 −17.23 −1.98 −3.21 0.79 −11.70 3.41 0.79
15.0 −2.19 −3.91 −0.42 −20.02 −3.33 −4.53 −0.51 −14.46 −0.64 −0.25
15.5 −2.61 −5.03 −1.13 −22.13 −4.35 −5.53 −1.08 −16.55 −1.87 −0.61
16.0 −3.01 −6.16 −1.84 −24.21 −5.34 −6.50 −1.64 −18.62 −3.09 −0.97
16.5 −3.27 −6.87 −2.29 −25.50 −5.96 −7.10 −2.00 −19.91 −3.85 −1.19
17.0 −3.52 −7.57 −2.73 −26.77 −6.57 −7.68 −2.35 −21.19 −4.60 −1.41
17.5 −3.60 −7.81 −2.88 −27.20 −6.78 −7.88 −2.47 −21.62 −4.86 −1.48
18.0 −3.69 −8.05 −3.03 −27.63 −6.98 −8.08 −2.59 −22.06 −5.12 −1.55
18.5 −3.60 −7.81 −2.88 −27.20 −6.78 −7.88 −2.47 −21.62 −4.86 −1.48
19.0 −3.52 −7.57 −2.73 −26.77 −6.57 −7.68 −2.35 −21.19 −4.60 −1.41
19.5 −3.27 −6.87 −2.29 −25.50 −5.96 −7.10 −2.00 −19.91 −3.85 −1.19
20.0 −3.01 −6.16 −1.84 −24.21 −5.34 −6.50 −1.64 −18.62 −3.09 −0.97
20.5 −2.61 −5.03 −1.13 −22.13 −4.35 −5.53 −1.08 −16.55 −1.87 −0.61
21.0 −2.19 −3.91 −0.42 −20.02 −3.33 −4.53 −0.51 −14.46 −0.64 −0.25
21.5 −1.65 −2.43 1.74 −17.23 −1.98 −3.21 0.79 −11.70 3.41 0.79
22.0 −1.10 −0.94 4.97 −14.40 −0.61 −1.84 3.37 −8.92 9.08 2.49
22.5 −0.45 2.76 8.73 −11.05 3.49 −0.21 6.39 −5.64 15.76 4.50
23.0 0.72 8.85 12.51 −7.66 9.19 5.11 9.44 −2.32 22.50 6.56
23.5 3.21 15.44 16.59 −3.96 15.41 11.57 12.74 4.42 29.80 8.81
24.0 5.75 22.11 20.68 −0.20 21.71 18.22 16.06 17.05 37.18 11.1118
